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ABSTRACT—The present experiment was performed in order to investigate the response of matured

male walking catfish to human chorionic gonadotropin (HCG).

Short-term experiment. Mature male walking catfish received a single intramuscular injection of HCG
(0.2 and 1 IU/g BW) or saline. Blood samples were taken at 0, 6, 12, 18, 24, 36, 48 and 72 hr.

Long-term experiment. Mature male walking catfish received a single intramuscular injection of HCG
(1 IU/g BW) or saline. Blood samples were taken at 2-day intervals until day 10. In both experiments,

plasma testosterone, 11-ketotestosterone (11-KT), 17a-hydroxyprogesterone, 17a,20a-dihydroxy-4-

pregnen-3-one and 17a,20/?-dihydroxy-4-pregnen-3-one levels were measured by radioimmunoassay,

and 17a,20/3,21-trihydroxy-4-pregnen-3-one levels were measured by enzyme immunoassay.

Results can be summarized as follows. 1) HCGfirstly induces an increase in plasma testosterone and

11-KT levels. 2) Thereafter, 11-KT levels decrease and progestin levels increase. 3) Finally, progestin

levels decrease, and 11-KT levels increase again. These results clearly indicate that a shift in the

steroidogenic pathway is induced in males in response to HCG.

INTRODUCTION

Walking catfish {Clarias batrachus) is a freshwa-

ter teleost which is widely distributed throughout

Southeast Asia. Although this fish has been com-

monly cultured for a long period, little information

is available on its reproductive physiology, espe-

cially regarding males. The reproductive organ of

the male tropical walking catfish differs from other

teleosts such as cyprinids and salmonids. Walking

catfish testes are very small; therefore, milt cannot

be obtained by applying pressure to the abdomen

in the manner that is commonly employed with

other fishes. Male walking catfish reared under

23-25°C start to mature at an age of 9 months, and

thereafter maintain conditions of maturity. Plasma

testosterone and 11-ketotestosterone (11-KT) in

males were always maintained at high levels

throughout the year under warm water conditions,
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but progestin levels were low [26].

It has been proposed that during spermiation

and spawning, a shift in the steroidogenic pathway

from androgen to progestin production occurs in

response to increased gonadotropin secretion in

salmonids [6, 12, 24], in cyprinids [5], and in a

perciform [9]. Progestins, such as 17a,20/?-dihy-

droxy-4-pregnen-3-one (17a,20/?-P), and 17a,20a-

dihydroxy-4-pregnen-3-one (17a,20a-P), have

been reported to exist in males, and to increase

during spermiation and spawning in response to

increased gonadotropin secretion. In addition,

another progestin, 17»,20/?,21-trihydroxy-4-preg-

nen-3-one (20/?-S) has been reported to increase in

the female Atlantic croacker [23], in the spotted

seatrout [22] and in the walking catfish [25] during

final oocyte maturation. However, the presence of

20/?-S in male teleosts has not been reported yet.

There still remains a paucity of information on

hormonal changes during natural spawning in the

male walking catfish; it is generally difficult to

follow hormonal changes in individual fish due to



330 M. Zairin Jr., K. Asahina et al.

extreme sensitivity to handling stress. Therefore,

in this investigation changes in plasma levels of

testosterone, 11-KT, 17«-hydroxyprogesterone

(17a-P), 17a,20a-P, 17a,20/?-P and 20/9-S were

monitored in the HCG-treated male walking

catfish.

MATERIALSANDMETHODS

Fish Walking catfish fingerlings were originally

obtained from The Faculty of Fisheries, Bogor

Agricultural University, Bogor, Indonesia in 1988.

These fish were reared at 23-25°C under 12L12D

photoperiod until reaching maturity. Fish began to

mature at an age of 9 months and conditions of

maturity were maintained thereafter; but under

the above stocking conditions, fish were observed

not to undergo natural spawning [26].

Short-term experiment Twenty-four 2-year old

matured male walking catfish (400-650 g in weight

and 35-40 cm in total length) were selected from

the stock, and then randomly assigned to three

groups, injected with 0.2 IU HCG/g BW, 1 IU

HCG/g BWand saline. Each group was kept

separately in a 1x3x1m indoor concrete tank

supplied with running fresh water of deep-well

origin. Water temperature and photoperiod were

maintained at 24 + 0.5°C, and 12L12D, respective-

ly. Fish did not receive feed during the experi-

ment.

Long-term experiment. Fourteen 16-month old

matured male walking catfish (200-275 g in weight

and 30-33 cm in total length) were divided into

two groups. Eight fish received 1 IU HCG/g BW,
whereas the remaining six fish received saline

solution. Each group was kept separately in the

same manner as in the short term monitoring

experiment.

Treatment HCGwas purchased from Teikoku

Zoki Pharmaceutical Company, Japan. In order to

meet the required dosage, the original hormone

was diluted with 0.6% saline solution into 0.2 IU/

fA and 1 IU///1 solution.

HCG treated groups received a single intra-

muscular injection of HCG, whereas the saline

group received an equal volume of saline solution.

Injection was done just below the beginning of the

dorsal fin at 6 a.m.

Blood sampling Initial blood samples were

taken from all fish before administering hormone

solution or saline. Sampling was carried out at 6,

12, 18, 24, 36, 48 and 72 hr in the short-term

experiment. In the long term experiment, sam-

pling was carried out 2, 4, 6, 8, and 10 days after

HCGinjection (at 10 a.m.). Fish were sacrificed

for the measurement of gonadosomatic index

(GSI) at the termination of the experiments.

Approximately 0.8 ml of blood was drawn from

the caudal vasculature with a heparinized syringe

fitted with a 24-gauge, 1 inch needle after anesthe-

tizing fish with 600 ppm of 2-phenoxyethanol

(Wako, Japan). Blood samples were centrifuged

at 3000 rpm, and plasma was stored in 1.5 ml

polypropylene tubes at —20° C until analysis by

radioimmunoassay (RIA).

RIA In this experiment, plasma testosterone,

11-KT, 17«-P, 17a,20a-P and 17a,20£-P were de-

termined by RIA. Details of RIA for each steroid

have been described previously [1, 13, 25]. Valida-

tion of the assay system for testosterone, 17a-P,

17a,20a-P and 17a,20/?-P has also been previously

reported [25].

Validation of the 11-KT assay system for walk-

ing catfish plasma was carried out in the same

manner as has been reported previously [8]. In-

traassay coefficients of variation at binding rates

around 25%, 50% and 75% were 6.3, 4.0, and 4.5,

respectively. Interassay coefficients of variation at

binding rates around 25%, 50% and 75% were

18.6, 9.1, and 19.8, respectively.

El A Plasma 20/?-S levels were measured using

a specific enzyme immunoassay system (EIA).

Validation for this EIA was reported previously

[25].

Statistics The Student-t test, and the Duncan's

multiple range test and the Kruskal-Wallis test

were used for statistical analysis.
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RESULTS

Short-term experiment

Changes in plasma testosterone levels following

HCGinjection are presented in Figure 1. Plasma

testosterone levels in 0.2 IU HCG-treated group

became elevated at 6 hr (P<0.01; hr vs 6hr),

reaching a peak at 18 hr (207.4 ng/ml), and there-

after remained higher than initial levels (5.2 ng/

ml) until the end of the experiment (P<0.01; hr

vs 72 hr). Testosterone levels in 1 IU HCG-
treated group showed changes similar to those of

the 0.2 IU HCG-treated group. No significant

changes occurred in the control group.

225
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1 IU HCG/g BW
0.2 IU HCG/9 BW
Control

18 24 36 48

HOURSAFTER TREATMENT

Fig. 1. Plasma testosterone levels of male walking

catfish following HCG injection in short-term ex-

periment. Each point represented as mean+ SEM
(n = 8 for each treatment).
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2. Plasma 11-KT levels of male walking catfish

following HCGinjection in short-term experiment.

Each point represented as mean+ SEM (n = 8 for

each treatment).

Changes in plasma 11-KT levels are shown in

Figure 2. Plasma 11-KT levels in 0.2 IU HCG-
treated group peaked at 6 hr (25.6 ng/ml; P<0.01;

hr vs 6 hr), and then decreased until 36 hr (7.6

ng/ml; P<0.01, 18 hr vs 36 hr), and thereafter

increased again until the end of the experiment

(28.6 ng/ml). Plasma 11-KT levels in the 1 IU

HCG-treated group showed a similar pattern of

changes. 11-KT levels in the control group were

maintained at low levels during the experiment.

Changes in plasma 17a-P levels are presented in

Figure 3. Plasma 17a-P levels increased from 36 hr

until 72 hr in both 0.2 and 1 IU HCG injected

groups (P<0.01; 24 hr vs 72 hr). Levels at 72 hr

for 0.2 and 1 IU HCG/g BWwere 13.6 ng/ml and

26.2 ng/ml, respectively. On the other hand, no

significant changes were observed in the control

group.

1 IU HCG/g BW
. 0.2 IU HCG/g BW

Control

Fig

6 12 18 24 36 48 72

HOURSAFTER TREATMENT

3. Plasma 17a-P of male walking catfish following

HCG injection in short-term experiment. Each

point represented as mean+ SEM (n = 8 for each

treatment).
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4. Plasma 20/J-S levels of male walking catfish

following HCGinjection in short-term experiment.

Each point represented as mean+ SEM (n = 8 for

each treatment).
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Changes in plasma 20/?- S levels are presented in

Figure 4. Plasma 20£-S levels in the 1 IU HCG/g
BW-treated group started to increase at 24 hr (P<

0.01; 18 hr vs 24 hr), and reached 10.5 ng/ml at 72

hr. Plasma 20/3-S levels in the 0.2 IU HCG/g
BW-treated group increased in the same manner

as those of 1 IU HCG/g BWgroup, but levels for

48 and 72 hr were lower. Plasma 20/?- S levels in

the control group slightly increased during 24-48

hr (F<0.01; hr vs 24 hr), and then decreased

(P<0.01;48hr vs72hr).

Changes in plasma 17«,20oP levels are pre-

sented in Figure 5. Injection of 1 or 0.2 IU HCG/g
BWcaused a parallel increase in 17a,20a-P levels,

starting from 6 hr (F<0.01; Ohr vs 6 hr) con-

tinuing until 72 hr (levels for 0.2 and 1 IU HCG/g
BWtreated groups were 1.7 and 3.0 ng/ml, re-

spectively). Levels in the control group were

always under the detectable limit throughout the

experiment.

- 1 IU HCG/g BW
0.2 IU HCG/g BW

- Control

6 12 18 24 36 48 72

HOURSAFTERTREATMENT

Fig. 6. Plasma 17a,20/?-P levels of male walking catfish

following HCGinjection in short-term experiment.

Each point represented as mean+ SEM (n = 8 for

each treatment).

GSI values at the end of the short-term experi-

ment are presented in Figure 7a. GSI increased

significantly from 0.15 % to 0.22% in 0.2 IU

HCG/g BWtreated group, and to 0.20% in 1 IU

HCG/g BWtreated group.

. 1 IU HCG/g BW
. 0.2 IU HCG/g BW

Control

6 12 18 24 36 48 72

HOURSAFTER TREATMENT

Fig. 5. Plasma 17a,20a-P of male walking catfish fol-

lowing HCG injection in short-term experiment.

Each point represented as mean+ SEM (n = 8 for

each treatment).

Changes in plasma 17a,20/?-P levels are pre-

sented in Figure 6. Injection of 1 and 0.2 IU

HCG/g BWcaused a similar increase (P<0.01; 6

hr vs 72 hr) in 17a,20/?-P levels, starting from 6 hr.

This trend continued until 72 hr (2.8 and 4.6 ng/ml

for 0.2 and 1 IU HCG/g BW, respectively). Ex-

cept for values at 24 and 36 hr, plasma levels were

higher in the 1 IU HCG/g BWtreated group than

in the 0.2 IU treated group. Levels in the control

group were always under the detectable limit.

Long-term experiment

Changes in plasma testosterone, 11-KT, and

17a-P levels are presented in Figure 8.

Plasma testosterone levels increased sharply

from 9.9 ng/ml to 77.6 ng/ml on day 2 (P<0.01;

day vs day 2), and then decreased but remained

high until day 10 (34.1 ng/ml). Testosterone levels

on day 10 were still significantly higher than initial

and control levels. No significant changes occurred

in the control group.

Plasma 11-KT levels decreased from 5.7 ng/ml

if, 0.10

V7| I

j
I

0.2 1

HCG(IU/g BW) HCG(IU/g BW)

Fig

(a) (b)

7. Changes in GSI values following HCGinjection

in short-term (a) and long-term (b) experiments.

Each bar represented as mean + SEM(n = 8 for each

treatment in short-term experiment, and n = 8 and 6

for HCGand control group, respectively in long-

term experiment).



Steroid Profiles in HCG-Injected Male Catfish 333

E

S 60

1 IU HCG/g BW

f\ Control

u
y~-r ——t—^-=ri!^^

ejA—

—

—

T

2 4 6 8 10

DAYSAFTER TREATMENT

Fig. 8. Plasma testosterone, 11-KT, and 17a-P levels

following HCGinjection in long-term experiment.

Each point represented as mean + SEM(n = 8 and 6

for HCGand control group, respectively). Solid

line is HCGtreatment, dotted line is control.

to 1.8 ng/ml on day 2 (P<0.01; day vs day 2).

Thereafter levels increased, peaking on day 8 (17.6

ng/ml; P<0.01; day 2 vs day 8) and decreasing on

day 10. No significant changes occurred in the

control group.

Plasma 17a-P levels peaked on day 2 (25.4 ng/

ml; P<0.01; day vsday 2), and then decreased to

initial levels on day 10 (2.2 ng/ml). No significant

changes occurred in the control group.

Changes in plasma 20/3-S, 17«,20a-P, and

17a,20/?-P levels are presented in Figure 9. Plasma

20/J-S levels started to increase on day 2 (7.4 ng/

ml), peaking on day 4 (9.1 ng/ml; F<0.01; day

vs day 4) and returning to initial levels on day 10.

2 4 6

DAYSAFTERTREATMENT

Fig. 9. Plasma 2/J-S, 17a,20a-P, and 17a,20/?-P levels

following HCGinjection in long-term experiment.

Each point represented as mean+ SEM(n = 8 and 6

for HCGand control group, respectively). Solid

line is HCGtreatment, dotted line is control.

Meanwhile, levels in the control group decreased

gradually (P<0.01; day vs day 10).

Plasma 17«,20a-P levels in the HCG-treated

group peaked on day 2 (4.5 ng/ml; P<0.01; day

vs day 2) and then returned to basal levels on day

10. No significant changes were observed in the

control group.

Plasma 17a,20/?-P levels in the HCG-treated

group also peaked on day 2 (3.8 ng/ml; P<0.01;

day vs day 2), and remained high until day 6,

returning to the initial levels on day 10. No
significant changes occurred in the control group.

Changes in GSI values following HCGinjection

in the long-term experiment are presented in Fig-

ure 7b. HCGinjection caused significant increase

in GSI from 0.14% to 0.18%.

Summary of the changes in levels of the six

plasma steroids following HCGinjection, both in

short-term and long-term experiments are pre-

sented in Figure 10. 1) HCG firstly induces an

increase in plasma testosterone and 11-KT levels.

2) Thereafter, 11-KT levels decrease and progestin

levels increase. 3) Finally, progestin levels de-

crease, and 11-KT levels increase again.

• I > ii III

\x
T

1 11-KT
17a-P

I \ I / 17n,20a-P
|

20{i-S

,20/? -P

--.._.

^^ti^wj

Fig. 10. Changes in levels of the six plasma steroids

following HCG injection shown schematically for

both the long- and short-term experiments. Lines

represent trends, not absolute values. I: Androgen

increase; II: Androgen decrease and progestin in-

crease; and III: Progestin decrease and 11-

ketotestosterone increase.

DISCUSSION

A single injection of HCG in mature male

tropical walking catfish caused significant changes
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in all of the steroids monitored. HCGinjection

also caused enlargement of the testes.

HCGinjection in both the 0.2 and 1 IU HCG-
treated groups caused rapid increases in testoster-

one levels peaking at 18 hr. Thereafter, levels

decreased but remained high. This suggests that

the enzymes which are involved in testosterone

synthesis are activated by HCG injection. In

rainbow trout, gonadotropin has been suggested to

stimulate the activity of two enzymes: Cn-20 lyase

which converts 17a-P to androstenedione, and

17/J-HSD which converts androstenedione to tes-

tosterone [11, 15].

The function of testosterone in teleosts is still

unclear, but is present in appreciable amounts

during maturation in both males and females.

Testosterone is regarded as an intermediate

androgen product in the biosynthesis of 11-KT.

However, based on replacement therapy in

hypophysectomized catfish [17], it has been found

that testosterone is able to maintain all stages of

spermatogenesis, except spermatogonia mitosis.

In addition, it has been shown also that testoster-

one isobutyrate crystals induce in vitro completion

of spermatogenesis in undeveloped testes of

goldfish [18]. In the present experiment, HCG
injection elevated levels of testosterone which

were much higher than those of 11-KT. This is in

contrast to eel, in which the testosterone peak was

lower than that of 11-KT [16]. These results

suggest that the function of testosterone in male

walking catfish is not merely to serve as a precursor

to 11-KT synthesis.

The fluctuation pattern of 11-KT following

HCG-injection in the present experiment is parti-

cularly interesting, since it showed two peaks.

11-KT levels peaked at 6hr, decreased to initial

levels at 36 hr, and then peaked again on day 8.

The first peak was perhaps induced by the stimula-

tory effect of HCGon the conversion from testos-

terone to 11-KT, which is also observed in other

fishes. The decreases, as will be discussed later,

may be caused by the inhibitory effect of the

progestin, as the decrease coincided with the in-

crease in progestin levels. The fact that second

peak occurred when progestin levels had already

decreased, and that its magnitude was smaller than

that of the first peak, suggests that the increase in

the second peak was probably due to the elimina-

tion of the inhibitory effects of progestin. On the

other hand, injection of HCG in dab [8] and

goldfish [14], or salmon gonadotropin in brown

bullhead [19] did not induce increases in 11-KT.

One possible explanation is that these fish are

annual spawners in which the sensitivity of testes

to HCGor gonadotropin varies with time. How-
ever, under our stocking conditions, since plasma

testosterone and 11-KT fluctuated at high levels

throughout the year [26], male tropical walking

catfish may possesses all developmental stages of

the testes, so that fish can readily respond to HCG
injection.

Plasma 17a-P levels increased slowly after HCG
injection and peaked at 72 hr, then decreased and

returned to initial levels on day 10. This indicates

that HCGtreatment stimulates the testes to pro-

duce 17a-P. Increased 17a-P is converted into

androstenedione by Cn^o lyase, and testosterone

production is increased as a result. However, it is

considered that when lyase activity has been used

to its maximum capacity, the conversion to prog-

estin formation occurs, resulting the decrease in

androgen production and the increase in 17a, 20a-

P, 17a,20£-P, and 20/J-S. This is in contrast to dab

[8] in which HCGdid not increase 17a-P levels.

One of the interesting findings in the present

experiment is the simultaneous increase in the

levels of three progestins, 20/J-S, 17a,20a-P and

17a,20/J-P, following HCG injection. Levels of

20/J-S were highest, followed by 17a,20/J-P and

17a,20a-P. The occurrence of more than one

progestin for example, 17a,20a-P and 3/J,17,20a-P-

5/3 in dab [8], and 17a,20«-P and 17a,20/3-P in carp

[4] during spermiation in males has been reported.

Progestin types seem to vary with species.

Little is known about the function of 20/J-S in

male fish. Our results show that HCGinjection

can elevate plasma 20/J-S levels. Levels of this

progestin were higher than those of 17o,20o-P, and

17a,20/3-P. The role of this hormone in the repro-

ductive system of male walking catfish is still

unknown. In HCG-injected female walking catfish

as well, this hormone increases prior to ovulation

[25].

17a,20a-P level increased due to HCGinjection,

and peaked at the day 2. High levels were main-
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tained until the day 8. This increase suggests the

presence of 20a-HSD in the male walking catfish.

In the other teleosts, activity of this enzyme has

been detected in spermatozoa of carp [2], dab and

plaice [7]. The real function of this hormone in

male walking catfish is yet unknown. In carp,

however, this hormone has been suggested to be a

spermiation regulator [2] as this hormone posses-

sed an inhibitory effect on androgen production as

did its isomer [3]. The fact that 17a,20»-P is

produced at high levels by mature spermatozoa

suggest that it is released into the environment at

the time of spawning, and could therefore play an

important behavioral/pheromonal role [2].

In this investigation, HCG injection possibly

enhanced the activity of 20/J-HSD which converts

17a-P to 17a,20/?-P production. In the short-term

experiment, 17a,20/?-P levels started to increase

after HCGinjection, peaking at 72 hr. However,

in the long-term experiment, this hormone peaked

on day 2. Several roles have been proposed for

17a,20/?-P. Based on an in vitro study in carp, it has

been suggested that this hormone inhibits

androgen production [4]. The hormone was re-

ported to induced spermiation in amago salmon,

Oncorhynchus rhodurus [24], and change the K+
/

Na+
ratio of rainbow trout seminal fluid [20].

Furthermore, pheromonal effects of this hormone

have been reported to occur in the goldfish, Caras-

sius auratus [21]. Recently, 17«,20/?-P has been

suggested to be a steroidal mediator in the sper-

miation of eel [16].

In the present experiment, HCG injection

caused long-term changes in elevation of levels in

all of the steroids monitored. These results were in

contrast to those corresponding to females of the

same species, in which HCGeffects lasted only 24

hr [25]. The duration of steroid elevation follow-

ing HCGinjection in the present experiment is

longer than the reported value during natural

spawning or GtH treatment in other fishes. These

differences may be due to the high dose and /or

slow clearance of HCGin the male walking catfish.

In goldfish, small doses of GtH (0.2 pg/g body

weight) are cleared within 1 hr [10]. This has also

been shown in Ictalurus nebulosus [19] injected

with sGtH 5 to 500 ng/g body weight. The reason

may be that the dosage used here is relatively high

and that HCGis not an endogenous GtH.

In the short-term experiment, androgen levels

were higher in the low dose group, whereas prog-

estin levels were higher in high dose group. Lower

levels in androgen and higher levels in progestin in

the high dose group were probably caused by the

conversion shift from androgen to progestin, since

it is reported that high dose of gonadotropin

induces the shift in salmonid [15]. Inhibition of

androgen synthesis by increased progestin, which

was found in carp [3], may also decrease androgen

levels in catfish.

In summary, HCGinjection increases testoster-

one production which is further converted to 11-

KT. As a result, 11-KT production increases

several hours after injection. Meanwhile, ster-

oidogenic pathways favoring progestin production

gradually become active. Increased progestin pro-

duction possesses an inhibitory effect on 11-KT

production. At this point, GSI increases and

probably more sperm is produced. Consequently,

11-KT production decreases during progestin

peaks, and increases again when progestin levels

decrease.
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